Background: Patients undergoing emergency coronary artery bypass grafting represent a unique and high-risk population that remains challenging for cardiac surgeons. We examined the changing trends in patients undergoing emergency bypass grafting over the past 20 years.
Patients undergoing emergency coronary artery bypass grafting (CABG) represent a unique and high-risk population that remains challenging for cardiac surgeons. Since the introduction of percutaneous coronary intervention (PCI), volumes of emergency CABG have started to decrease as many programs implement primary PCI for the treatment of acute coronary syndromes. It is not clear how this paradigm shift has altered the risk profile of patients referred for emergency CABG. It is probable that perioperative morbidity and mortality are higher in patients undergoing emergency CABG after failed PCI. We examined the changing trends in the preoperative risk profiles, postoperative outcomes, and hospital resource use in patients undergoing emergency CABG over the past 20 years.
METHODS
The study population included all patients who underwent emergency CABG between 1990 and December 2009 at the Toronto General Hospital.
Emergency CABG is defined as surgery within 12 hours from the event resulting in hospitalization. The reasons for emergency surgery are either anatomic (critical left main stenosis) or unstable symptoms after catheterization. Patients who have recurrent angina after catheterization are usually admitted to the cardiac care unit and referred for urgent surgery (within 48 hours). The present analysis is restricted to emergency interventions (within 12 hours of an event) and thus includes patients with ostial left main lesions, a PCI complication (eg, coronary dissection or perforation, acute stent thrombosis), or unstable symptoms (hypotension, dynamic electrocardiographic changes, or arrhythmias). Unfortunately, our database does not capture the exact reason for emergency surgery apart from capturing preoperative PCI. All patient data were entered prospectively into an institutional database by a trained database management group. Preoperative, intraoperative, and postoperative data were collected on standard variables. The details of this database have been published previously. [1] [2] [3] To examine the effect of time, we divided patients into 2 groups on the basis of year of operation: 1990-1999 and 2000-2009. The preoperative risk profile, intraoperative data, and postoperative outcomes of the study population are compared with those of patients receiving nonemergency surgery in each decade. Nonemergency operations include all the elective, same-day hospitalization, and urgent procedures.
The primary outcomes of interest for this study are operative mortality and incidence of low cardiac output syndrome (LCOS). Operative mortality is defined as any postoperative death occurring within the index hospital admission or within 30 days of surgery. LCOS was diagnosed if the patient required an intra-aortic balloon pump to be weaned from cardiopulmonary bypass or in the intensive care unit (ICU) because of hemodynamic compromise. LCOS was also diagnosed if the patient required inotropic medication (dopamine, dobutamine, milnirone, or epinephrine) to maintain the systolic blood pressure of 90 mm Hg and the cardiac output 2.2 L $ min À1 $ m À2 for 30 minutes in the ICU after correction of all of the electrolyte and blood gas abnormalities and after adjusting the preload to its optimal value. Afterload reduction was also attempted when possible.
Patients who received 4 mg/kg of dopamine to increase renal perfusion were not considered to have LCOS. Patients who received vasoconstricting medications because of a high cardiac output (2.5 L $ min À1 $ m
À2
) and low peripheral resistance were also not considered to have LCOS. In patients who received an intra-aortic balloon pump before surgery, LCOS was determined if, in addition to balloon pump support, they required significant postoperative inotropic support as described earlier.
Hospital resource use is defined by 3 different variables: length of time supported by mechanical ventilation before postoperative tracheal extubation, duration of stay in the ICU, and postoperative length of stay.
STATISTICAL ANALYSIS
All statistical analyses were conducted with SAS 9.1 software (SAS Institute, Inc, Cary, NC). 4 Categorical variables were analyzed using the c 2 test and are expressed as percentages. Continuous variables were analyzed by the Student t test or Wilcoxon rank sum test and are reported as mean AE standard deviation or median where appropriate. Multivariable logistic regression techniques were used to determine independent predictors and to calculate factoradjusted odds ratios of operative mortality and LCOS. Model discrimination was evaluated by the area under receiver-operator characteristic curve and model calibration was assessed with the Hosmer-Lemeshow goodness-of-fit statistic.
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RESULTS
To examine outcomes over time, we divided patients into 2 groups on the basis of year of operation (1990-1999 and 2000-2009) . The percentage of patients having emergency CABG in the overall CABG population was 2.7% in 1990-1999 and 1.7% in 2000-2009. The percentage of patients who underwent emergency CABG gradually decreased over the years as shown in Figure 1 .
The changing preoperative risk profile of patients in the 2 decades of study is shown in Table 1 . Patients who received emergency surgery are compared with those receiving nonemergency surgery and the comparisons are stratified by decade. Also, comparisons are made between patients receiving emergency surgery in each decade, and the corresponding P value is provided in the last column of the table.
In the first decade, the mean age of the patients ranged between 62 and 63 years. Patients in the emergency group were 31% female and had a higher incidence of poor left ventricular ejection fraction (LVEF), acute coronary insufficiency, myocardial infarction (MI), congestive heart failure (CHF), renal failure, shock, syncope, and left main disease. Those requiring emergency surgery also had a higher prevalence of previous angioplasty and CABG. Patients in the nonemergency group were 20% female and had a higher incidence of dyslipidemia and triple vessel disease.
In the second decade of study, the mean age of patients ranged from 64 to 65 years. Patients in the emergency group were 35% female and had higher incidence of poor LVEF, acute coronary insufficiency, CHF, MI, shock, and left main disease. They also had a higher prevalence of previous angioplasty, but not previous CABG. Patients in the nonemergency group were 21% female and had a higher incidence of dyslipidemia, diabetes, and triple vessel disease.
The mean age of patients in the emergency group increased from 62 years in the first decade of the study to 64 years in the second decade. Similarly, the prevalence of triple vessel disease, left main disease, peripheral vascular disease, and percentage of patients with dyslipidemia and hypertension increased from the earlier to the recent decade. Approximately 60% of patients had a family history of heart disease in the earlier decade and only 40% had a family history between 2000 and 2009. Over the 2 time groups, no significant differences were observed in preoperative diabetes, CHF, shock, MI, stroke, or LVEF. The percentage of patients with previous angioplasty and previous thrombolysis decreased over the years. Similarly, the prevalence of chronic obstructive pulmonary disease and renal failure also decreased. The proportion of women who underwent CABG was similar over the 2 decades, as shown in Table 1 .
Three hundred seventy-seven (65%) patients in our emergency population had no prior PCI and 200 (35%) had prior PCI. Among the 200 patients, 165 had PCI less than 30 days before surgery and the remaining 35 patients had PCI at various times before CABG ranging from 1 to 144 months. The percentage of previous PCI in patients undergoing emergency CABG was 38% and 28%, respectively, over the 2 year groups. However, the percentage of CABG patients undergoing emergency surgery after failed PCI was 32% in the first cohort and 21% in the second cohort.
Intraoperative details for the study population are listed in Table 2 . Duration of cardiopulmonary bypass, crossclamp time, and use of the left internal thoracic artery are higher in the nonemergency population in both decades.
In the emergency population, use of the left and right internal thoracic arteries did not change significantly over the years. The total number of grafts per patient was similar in the 2 time periods. The average crossclamp time increased slightly in the recent decade; however, the mean duration of cardiopulmonary bypass time did not change over time. Off-pump surgical revascularization was introduced in the more recent decade but accounted for only 10% of the population.
Hospital resource use in terms of hours on ventilator, ICU length of stay, and hospital length of stay were lower in the nonemergency population than in the emergency population (Table 3) In the emergency population, mean ventilation time and ICU stay increased over time. However, the difference was not statistically significant. In both cohorts the data on ventilator hours and ICU stay are skewed to the right, more highly in the second cohort than in the first cohort. Median time on ventilator was 24 and 16 hours, respectively, and median ICU length of stay was 49 and 61 hours, respectively. Average hospital stay decreased slightly from 11.4 days in the first cohort to 11 days in the second cohort. Median postoperative length of stay was 8 and 7 days, respectively.
The distribution of postoperative outcomes is listed in Table 3 . The nonemergency population had lower use of inotropes and lower incidence of postoperative MI, renal failure, and pulmonary complications in both decades of study. However, incidence of sternal wound infection was lower in the first decade, and incidence of postoperative stroke and sepsis was lower in the second decade. In the emergency population, use of inotropes has increased over the years. Pulmonary and septic complications were also on the rise in the recent cohort as was the incidence of postoperative stroke.
The overall operative mortality in the emergency population was 8.1%, whereas the overall operative mortality in the nonemergency population was 1.6%. Operative mortality was similar in the emergency population in both decades at 8.1%. However, operative mortality of our nonemergency population has gone down significantly from 1.9% in 1990-1999 to 1.1% in 2000-2009. The cause of death was not specified in 12 patients, while 20 patients died of acute cardiogenic shock secondary to postoperative LCOS. An additional 6 patients died of overwhelming sepsis and 6 patients died of progressive multiorgan failure. One patient positive for heparin-induced thrombocytopenia died of intractable bleeding owing to the use of ancrod for cardiopulmonary bypass.
Multivariable logistic regression analysis of the 577 patients in the emergency group who underwent operation during the period of the study showed that hypertension, CHF, LVEF less than 20%, and previous heart surgery independently identified mortality ( Table 4 ). The univariate operative mortality in patients with or without the aforementioned risk factors is as follows: hypertension, 11.4% versus 3.7%; P<.01; CHF, 18.9% versus 4.3%; P<.0001; LVEF less than 20%: 29.1% versus 5.8%; P<.0001; previous surgery: 18.2% versus 7.3%; P ¼ .01. The model for logistic regression has a receiver-operator characteristic of 0.78 and a Hosmer-Lemeshow goodness-of-fit probability value of 0.89, indicating excellent model discrimination and calibration.
The overall incidence of LCOS was 5.3% in the nonemergency population: 6.9% in 1990-1999 versus 3.1% in 2000-2009. However, 25% of the patient population undergoing emergency CABG had LCOS; 26.5% in 1990-1999 versus 18.6% in 2000-2009. Operative mortality in the patients with emergency surgery who had LCOS was 25.4% compared with 2.5% in patients who did not have LCOS. The logistic regression model for LCOS identified smaller body surface area, CHF, shock, MI, previous decade, and increased age as significant independent variables that influence LCOS. The corresponding odds ratios and P values for the significant variables associated with LCOS are provided in Table 5 . The model has an area under the curve of 0.74 and Hosmer-Lemeshow goodness-of-fit P value of .67.
DISCUSSION
Timing of CABG has been widely reported as one of the most important predictors of in-hospital mortality. [8] [9] [10] A previous report published by our group 11 reviewed 18,000 patients and identified emergency CABG as one of the most important predictors of in-hospital mortality. Emergency CABG came out as a predictor in all 3 year groups we studied and the odds ratios associated with in-hospital mortality increased from 4 to 19 over the years. As an active teaching hospital that performs a significantly high volume of CABG operations each year, we were interested to document trends in preoperative risk profile, postoperative outcomes, and predictors of in-hospital mortality and LCOS in patients undergoing emergency CABG.
The percentage of patients undergoing emergency CABG decreased over the years and varied between 4.8% in 1990 to 2.6% in 2009. The decline in numbers over the 
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years is attributed in great part to the emergence of PCI. A multitude of information is available on outcomes of patients undergoing emergency CABG after failed PCI. Multivariable predictors of hospital mortality in the failed PCI group are slightly different from those observed in our patient population. 12, 13 Perhaps this may be due to differences in patient risk profile presenting to surgery after failed PCI. Boylan and colleagues 14 suggest that death from CABG after failed PCI is related more to the incidence of cardiogenic shock and hemodynamic instability after unsuccessful PCI than it is to the risk factors present before PCI. However, information on patients undergoing emergency CABG without prior PCI is sparse to the best of our knowledge, especially in the most recent era when primary PCI for acute coronary syndromes is the standard of care. Presumably, CABG in these patients was indicated owing to critical coronary anatomy not suitable for PCI. Previous reports from our group 1, 11 have suggested that operative risk for urgent surgery is related more to symptom status than to anatomic criteria.
As anticipated, the risk profile of patients has constantly changed over the years. The mean age increased from 62 to 64 years. Similarly, the prevalence of triple vessel disease, left main disease, peripheral vascular disease, dyslipidemia, and hypertension gradually increased from the earliest to the most recent cohort. This is in agreement with previously published reports. [8] [9] [10] [11] 15 However, the proportion of women who underwent emergency CABG was similar over the 2 year groups.
In-hospital mortality of our emergency patient population has remained constant at 8.1% in both year groups. We have a total of 47 deaths among 577 patients. Our numbers are in accordance with the reported operative mortality of emergency patients in the Society of Thoracic Surgeons (STS) database. Recently, Shahian and coworkers 13 published cardiac surgery risk models using 774,881 CABG patients from the STS database, and among them 34,513 patients underwent emergency CABG. The operative mortality in this cohort was also 8.1%. Operative mortality has not changed over time despite the changing preoperative risk profile of patients. However, the operative mortality of our nonemergency patient population has gone down significantly from 1.9% in the earlier era to 1.1% in the recent era.
Operative mortality in our emergency female population was slightly higher (10.2%) than that of the male population (7.2%), but the difference did not achieve statistical significance. This finding is consistent with previously reported data from the STS database that operative mortality is not significantly different between male and female genders in high-risk patients undergoing CABG. 16 The independent predictors of operative mortality in this group of 577 patients are hypertension, previous CABG, LVEF less than 20%, and CHF. These variables are similar to some of the variables identified by our group in an elective CABG population. 11 
Hypertension
Approximately 56% of the population had preoperative hypertension, and the operative mortality in that group was 11.4% as opposed to 3.7% in patients without hypertension. The percentage of patients with hypertension increased from the first to the second decade, whereas the operative mortality decreased slightly from 12% to 10.3%. We had previously identified hypertension as a risk factor in our elective CABG population. 11 We hypothesize that hypertension results in myocardial hypertrophy and thus may lead to inadequate perioperative myocardial protection. Second, hypertension is associated with diastolic dysfunction, and in those patients undergoing emergency surgery for acute myocardial ischemia, the combination of systolic and diastolic dysfunction may prove lethal.
Reoperative CABG
Seven percent of the patient population underwent previous CABG, and the operative mortality in this group was 18.2% compared with 7.3% in patients undergoing firsttime surgery. The number of patients undergoing reoperation declined over the years from 8.9% in the first cohort to 3.3% in the last cohort. Operative mortality in emergency redo CABG also has a decreasing trend over the year groups: 20% versus 16.6%. A similar trend was observed in our elective population over the years as reported previously. 11 The decline in reoperations is also likely due to a more aggressive PCI strategy in patients with recurrent coronary artery disease after surgical revascularization.
Twenty-nine percent of the patients underwent unsuccessful PCI. Although statistically not significant, the operative mortality in the failed PCI group is slightly lower than in patients who did not have prior PCI (6.1% vs 8.9%). This may be attributed to the fact that patients who had previous PCI are younger (mean age: 58 vs 64 years, respectively; P < .01) and had fewer comorbidities than patients who did not have any intervention. Our operative mortality outcomes in the failed PCI group are on par with outcomes published by Haan and associates 12 from the STS database in patients undergoing emergency CABG after failed PCI. Fourteen of 577 patients underwent both PCI and previous CABG and 4 died among them.
LVEF
Poor LVEF was identified as one of the most important risk factors of operative mortality in CABG patients as seen in various published reports. 8, 10, 13 Patients with poor LVEF represented 9.5% of our patient population, and the operative mortality in this group was 29.1%. The number of patients with poor LVEF slightly decreased over the years from 10% to 8.8%. Similarly, operative mortality also slightly decreased from 31% to 25% in patients with poor LVEF. Unfortunately, our database does not capture left ventricular size or viability assessments. Thus, it is impossible to determine whether patients with poor preoperative left ventricular function had a stunned or hibernating myocardium versus those with an acute event in the setting of an established ischemic cardiomyopathy.
CHF
Similar to poor LVEF, CHF has been reported as one of the major predictors of operative mortality in patients requiring CABG. 9, 13 CHF was present in 25% to 30% of the patient population, and the operative mortality in this group is 18.9% compared with 4.3% in patients without CHF (P <.001).
Another outcome of interest in this study is the development of LCOS. Compared with operative mortality, LCOS is a more sensitive indicator of poor myocardial performance and has been associated with increased mortality and resource use. [1] [2] [3] The prevalence of LCOS decreased from 26.5% to 18.6% over the years. However, the corresponding operative mortality increased from 22.1% to 35.3%. Operative mortality in patients who had LCOS was 25.4% compared with 2.5% in patients who did not have LCOS. The independent predictors of LCOS are smaller body surface area, CHF, shock, MI, previous decade, and increased age.
Limitations
Our study is limited by the fact that it is retrospective in nature and reflects the experience of a single institution. Also, our outcomes are limited to in-hospital events, and follow-up outcomes on long-term survival are not available.
CONCLUSIONS
Although emergency CABG is viewed as a life-saving procedure, it continues to carry a high risk for morbidity and mortality, especially in patients with specific preoperative comorbidities. Despite a changing preoperative risk profile, the operative mortality of our emergency CABG has remained stable over the years. Continued 
